Background: The purpose of this study was to establish sources and patterns of antioxidant, polyphenol and flavonoid intakes in men and women with cardiovascular disease (CVD).
Background
Cardiovascular disease (CVD) is one of the most common causes of death worldwide, with pathogenesis in which multiple fixed (age, gender, genotype, menopausal status) and modifiable factors (diet, exercise, stress, smoking and ethanol consumption) are involved [1] . Among the modifiable lifestyle-related factors the main role plays a diet [2] . Epidemiological studies found an inverse association between the intake of antioxidant-rich food and the risk of CVD [3, 4] . Dietary antioxidants such as vitamin E, vitamin C, carotenoids and polyphenols have protective cardiovascular effect through suppressing oxidative stress, defined as an imbalance between production of reactive oxygen (ROS) and nitrogen species (RNS), and antioxidants (endo-and exogenous). Adverse effects of free radical (FR) overproduction on cardiovascular system are associated with endothelial dysfunction mediated through nitric oxide (NO) degradation, lipid peroxidation and inflammatory response. Antioxidants can donate electrons to FR molecules, that contain one or more unpaired electrons, blocking by this deleterious chain reactions [5] .
Polyphenols which are derived mostly from plant foods, are widely distributed in the human diet. Dietary total polyphenol intake could be as high as 1 g/d, which is much higher than all other classes of phytochemicals and known dietary antioxidants e.g. antioxidant vitamins [6] . The major class of polyphenols are flavonoids. Several in vitro and in vivo studies have suggested that dietary flavonoids, which are mainly found in fruits and vegetables, may induct an antioxidant defense system and exert beneficial effects on the vascular system via an improving endothelial function and inhibiting low density lipoprotein oxidation [7, 8] .
Adequate nutrition, which supplies appropriate ratios of antioxidants, plays important role in the CVD prevention and can improve symptoms of the disease. Therefore, the purpose of this study was to estimate dietary total antioxidant capacity (DTAC), dietary total polyphenol (DTPC) and flavonoid contents (DTFC) in the diet of the CVD patients, and to establish main dietary patterns of antioxidants. To our knowledge this is the first attempt to estimate antioxidants in a cross-sectional Polish study, which involves a representative sample of CVD patients.
Methods

Subjects and food consumption
Subjects were participants of the Polish National Multicenter Health Survey (WOBASZ), which was carried out by the National Institute of Cardiology in Warsaw, Poland, in cooperation with five Polish medical universities. The WOBASZ study was approved by the Bioethics Committee of the National Institute of Cardiology in Warsaw (no 708). This study was continued for 3 years, from January 2003 to December 2005, and included a representative random sample of the general Polish population. The rationale, design, and methods of the cross-sectional study have been described in detail elsewhere [9] [10] [11] .
A sample of 19,200 individuals (men and women) from the general population of more than 26 million Polish inhabitants aged 20-74 years was randomly selected. Two small (up to 8 thousand inhabitants), 2 medium (8-40 thousand inhabitants), and 2 large communes (above 40 thousands inhabitants) from each of the sixteen Polish provinces were randomly selected. One hundred men and 100 women from each commune, were randomly chosen from the personal identification number (PESEL) database. Finally, 13545 people (6392 men and 7153 women) agreed to take part in the study. Of these, approx. 50% was randomly selected for nutrition study. Lastly, from 6661 adults (3132 males and 3529 females) 1-day 24-hour dietary recalls (1-d 24-h DR) were collected. The interviewers were trained by a qualified nutritionist specialized in performing nutrition surveys.
Approx. 10% of the studied sample, 643 subjects (357 men and 286 women), have been previously diagnosed by a cardiologist and hospitalized for CVD (heart attack, heart failure, stroke, heart defects, cardiac arrhythmia, coronary angioplasty or coronary artery bypass, heart pacemaker). This information was provided from selfreported health status questionnaires. Subjects could report more than one disease. A control group with no diagnosed CVD was randomly chosen from 6661 adults by a propensity score matching (PSM) technique, based on matching characteristics: age, body mass index (BMI), cigarette smoking, physical activity, commune type, marital status, level of education, household per-capita income, self-rated health. Scheme of the study and subjects' selection procedure are presented in Figure 1 . Baseline characteristics of the participants are shown in Table 1 .
The survey was conducted individually in men and women due to gender differences in burden of CVD, which include prevalence of hypertension, diabetes mellitus, metabolic syndrome and lifestyle factors [12] .
Each participant was informed about the screening procedures and signed the agreement form. A standardized questionnaire was designed for data collection, which was suitable for the objectives of the study. The respondents were questioned about social, demographic, and economic status, physical activity, smoking, cardiovascular disease, diabetes, health awareness, health care, any ongoing medical treatments. Additionally, the height and weight of each patient were measured and the body mass index (BMI) was calculated according to the formula: BMI = weight(kg)/height(m) 2 . Blood pressure measurements were taken three times on the right arm after 5 minutes of rest in a sitting position in one minute intervals and a final value was calculated as an average measurement. Biochemical tests: total cholesterol, highdensity lipoprotein (HDL), triglycerides and fasting glucose, were performed at the Central Laboratory of the National Institute of Cardiology in Warsaw.
Procedure of food extraction
Food products were randomly purchased in triplicate at different Polish food markets. Edible raw parts of foods were dried and pulverized in a grinder. Samples (0.25 g) were placed in test tubes with 10 ml of methanol/water solution (50:50, v/v) and the pH was adjusted to 2 using 2 M HCl. The tubes were thoroughly shaken at room temperature for 1 hour and then centrifuged at 4000 g for 10 min in a centrifuge (MPW-350e, Poland). The resulting supernatants were collected in clean dry test tubes. Then the residues were extracted with 10 ml of an acetone/water mixture (70/30, v/v) and the procedure was repeated. Both methanol and acetone extracts were combined and used for analyses. Samples of tea, coffee, drinking chocolate and hot cocoa were extracted with water (1 g sample per 100 ml boiling distilled water).
Procedure of FRAP assay
Ferric Reducing Antioxidant Power (FRAP) was determined according to Benzie and Strain [13] . A 1.5 ml of 2,4,6-tripyridyl-s-triazine solution was warmed to 37°C; then a reagent blank was measured at 593 nm. Subsequently, 50 μl of the sample, dissolved in distilled water (1:4) , was added to the FRAP reagent. The absorbance was measured following incubation at 37°C for 4 min. The antioxidant potential of samples was determined from the standard curve and expressed as trolox equivalents (mmol TE/100 g fresh edible mass of plant foods or 100 ml of beverage).
Procedure of total polyphenol assay
Total polyphenol contents in food products were determined using a Singleton and Rossi method [14] . Samples (0.2 ml) were mixed with a 1 ml Folin-Ciocalteau reagent previously diluted in distilled water (1:10) and 0.8 ml of 7.5% (w/v) sodium carbonate. The absorbance was measured after 30 min at 765 nm. The results were expressed as gallic acid equivalents (GAE) in mg total polyphenols on 100 g fresh edible mass of plant foods or 100 ml of beverages.
Procedure of total flavonoid assay
Total flavonoid content in food samples was determined according to Arvouet-Grand et al. [15] . Briefly, 1 ml of 2% aluminium trichloride (AlCl 3 ) in methanol was mixed with the same volume of the extract. A yellow color indicated the presence of flavonoids. Absorption readings at 415 nm were taken after 10 min against a blank sample consisting of a 1 ml extract solution with 1 ml methanol without AlCl 3 . The concentration of total flavonoids in samples was determined from the standard curve and expressed as quercetin equivalents (mg QE/100 g fresh mass of plant foods or 100 ml of beverage).
Assessment of total polyphenols and flavonoids intake, and antioxidant capacity of diet
Previously published [16] [17] [18] [19] self-developed dietary database of the total antioxidant capacity of foods, determined by the FRAP method, as well as total polyphenols and flavonoids in plant food items was used to calculate dietary total antioxidant capacity (DTAC), dietary total polyphenol content (DTPC) and dietary total flavonoid content (DTFC). This database contains over 150 national foods and food products classified into 6 categories (1beverages; 2vegetables; 3 -fruits and jams; 4bread, rolls and cereals products; 5chocolates; 6 -nuts and seeds) of which 84 plant foods were found to be consumed by the participants. DTAC was expressed as μmol trolox equivalents (TE), DTPCas mg gallic acid equivalents (GAE) and DTFCas mg quercetine equivalents (QE).
Statistical analysis
Statistical analyses were performed using SAS software (version 9.2; Cary, NC, USA). The results were expressed as number, percentage, mean value and standard deviation or 95% confidence interval, median and 25-75% percentiles. Categorical variables were compared with the chi-square test. Normality of continuous data distribution was verified with the Shapiro-Wilk test. To compare the quantitative variables with normal distribution the t test was used, and for nonnormal distribution the Mann-Whitney-Wilcoxon nonparametric test was applied. P-values of less than 0.05 were considered statistically significant.
Results
Baseline characteristics of the participants are shown in Table 1 . Compared to the healthy control (HC), hypertension was significantly frequent, both in men and women with CVD. Among biochemical parameters serum HDL levels were found lower in CVD patients (both men and women) in comparison to HC. Among lifestyle variables, significant influences were observed for smoking, marital status and household per-capita income in the CVD and HC men. Daily intakes of plant foods and beverages by the participants are shown in Table 2 . Among beverages, consumption of tea and coffee was predominant, with 67-69% and 20-28% contribution, respectively, in all studied groups ( Table 3 ). The men presented 29% higher consumption of vegetables, but 40% lower fruit and fruit jam intake in comparison to the women. Moreover, the women with CVD consumed significantly higher amounts of fruit and fruit jams than the HC women. Potato intake accounted for 53-62% consumption of vegetables, while apples for 58-66% of fruit eaten in all groups. Cereals and cereal products consumption was 47% higher in the men than in the women, with respective 56-63% and 45-49% contributions of white bread. Minor intakes of chocolates, nuts and seeds were observed in all studied subjects, although the men with CVD were 2-fold more frequent consumers of these foods.
Dietary total antioxidant capacity in the studied groups is shown in Table 4 . Mean DTAC in the men with CVD was 6442 μmol TE/person/day and 6066 μmol TE/person/ day in the HC men, with the highest contribution of tea (34%), coffee (14%), apples (9%), and nuts and seeds (9%) in the subjects with CVD and tea (38%), coffee (16%) and apples (7%) in HC (Table 5 ). Despite lower DTAC in the HC men, antioxidant capacity of consumed beverages was significantly higher in HC vs. the men with CVD. Mean DTAC in the women with CVD was significantly higher than in the HC women (6182 vs. 5500 μmol TE/person/ day, respectively) and it was associated with significantly higher antioxidant capacity of consumed fruit and fruit jams in the women with CVD. The highest intakes of antioxidants in the women with CVD and the HC women were: tea (32 vs. 34%), coffee (17 vs. 20%), apples (10 vs. 8%), and strawberries (7 vs. 6%).
DTPC in the study groups is presented in Table 6 . DTPC in the males with CVD was 1198 mg GAE/ person/day vs. 1114 mg GAE/person/day in HC, with the highest contribution of tea (24%), coffee (9%), cabbage (9), potatoes (8%), apples (8%) and white bread (6%) in CVD patients, and tea (27%), coffee (10%), potatoes (10%), white bread (8%) and apples (7%) in the HC subjects ( Table 5 ). DTPC in the females was significantly higher in the subjects with CVD in comparison to HC (1075 vs. 981 mg GAE/person/day, respectively), and was associated with higher consumption of polyphenols from fruit and fruit jams. Predominant sources of polyphenols in the women with CVD and in the HC women were: tea (24 vs. 25%), coffee (12 vs. 13%), apples (10 vs. 8%), potatoes (6 vs. 8%) and cabbage (6 vs. 6%).
DTFC in the men with CVD was 212 mg QE/person/ day vs. 202 mg QE/person/day in HC ( Table 7) . The males with CVD presented significantly higher consumption of flavonoids from beverages and lower intake of flavonoids from fruit and fruit jams than HC. The main sources of flavonoids both in the men with CVD and in HC were: tea (29 vs. 32%), apples (18 vs. 14%), cabbage (14 vs. 10%), coffee (8 vs. 9%) and potatoes (6 vs.7%) ( Table 5 ). Dietary flavonoid intake in the women with CVD was significantly higher as compared to the HC women, and it was dependent on the higher consumption of flavonoids from fruit and fruit jams. The predominant flavonoid sources in the women with CVD vs. the HC women were: tea (28 vs. 29%), apples (20 vs. 17%), coffee (10 vs. 12%) and cabbage (10 vs. 10%).
Discussion
Diets that teem with antioxidants are relevant to body antioxidant status and are essential for prevention and alleviation of oxidative stress-related symptoms [20, 21] . Polyphenols and flavonoids, which belong to this group of compounds, are plentiful dietary antioxidants, that may protect against oxidative damage, reducing by this risk of various diseases [22] . Despite this, a number of studies, that estimate flavonoid, polyphenol or antioxidant-rich food intakes is narrow, or the reports on their major dietary sources are limited to some populations. Previous studies carried out in the US [23] and Spanish [24] populations used the most extensive USDA flavonoid database to estimate intakes of individual flavonoids or used phenol-explorer database [25] to approximate intakes of polyphenols other than the flavonoids. To calculate dietary total antioxidant capacity, some authors [26] has recently used a published USDA database for ORAC (Oxygen Radical Absorbance Capacity) in selected foods. Others [27] developed an antioxidant food database by using FRAP assay. The present study estimates both volume and patterns of dietary total antioxidant consumption together with total polyphenol and flavonoid intakes in the CVD patients. Phenolic contents in foods are influenced by genetic, environmental and processing factors, therefore use of dietary database that contains indigenous plant foods seemed to be more adequate. Therefore, this study uses a self-developed dietary database that contains total antioxidant capacity, polyphenol and flavonoid contents in plant foods [16] [17] [18] [19] . For some beverages and plant foods, which were consumed by the participants, but were not included in this database (such as different types of tea), additional analyses were performed.
Flavonoid intakes in our survey (range 177-212 mg QE/day) are in agreement with some studies conducted in the US population -190 mg/day [23] , but lower compared to the Spanish population -313 mg/day [24] . Our present findings concerning polyphenol intakes (range 981-1198 mg GAE/day) are comparable to our previous study performed in the general Polish population (range 1031-1172 mg GAE/day) [18] , and also with other studies carried out in the French (1193 mg/day) [28] , Finnish (863 mg/d) [29] , and Spanish (1171 mg/d) [30] populations, but lower in comparison to some Polish study, which aimed to examine participants from the city of Krakow (1757 mg/day) [31] . For DTAC, results in the current study (range 5500-6442 μmol TE) are similar to a Spanish study (6014 μmol TE analyzed by the FRAP method) [30] , but higher in comparison to our previous research conducted in diabetic patients (range 4271-5697 μmol TE by the FRAP method) [20] .
The present study established that DTAC was significantly higher in the female CVD patients vs. HC, whereas no differences has been found in the men. The differences in the women can be explained by higher fruit intakes in the women with CVD, as well as by naturally high total antioxidant capacity of consumed fruits, which resulted from the total polyphenol and flavonoid contents.
The main contributors to the DTAC, DTPC and DTFC values in all studied groups were: tea, coffee and apples, as well as cabbage, strawberries and potatoes, because of high consumption of these foods in the Polish population [18, 19] . Surprisingly, despite generally low nut and seed intake in the Polish population, these foods were one of the major contributors to DTAC in the men with CVD. On the contrary, dietary intake in the women with CVD was teeming with apples and strawberries. It is likely that CVD patients paid more attention to adequate nutrition due to CVD diagnosis. A number of studies showed that nuts and strawberries improved antioxidant status in humans, and their consumption was inversely associated with CVD risk and mortality [32] [33] [34] . As it has been demonstrated previously nuts and seeds (mainly walnuts) and strawberries were characterized by high antioxidant capacities as well as by high polyphenol contents [17] . Therefore, despite minor nut and seed intakes and moderate seasonal consumption of strawberries, these foods provide essential sources of antioxidants in a diet. Dietary intakes of antioxidants, however, are dependent on seasonal variability of consumption, e.g. intake of berry fruits such as strawberries and raspberries in Poles is the highest in the summer period [26] . This research, however, was conducted throughout the year, therefore it recorded virtually essential and representative sources of antioxidants for the studied population. According to the literature, main contributors to the flavonoid, polyphenol and antioxidant intakes vary in different populations. Major flavonoid sources in the US diet [23] , for example were: tea, citrus juices, wine and citrus fruits, whereas apples, red wine, unspecified fruits and oranges in the Spanish diet [24] . As regards to polyphenol intakes, nonalcoholic beverages and fruits were the most important contributors in the French population [28] , while coffee and cereals in the Finnish [29] , and coffee, oranges, apples, olives, olive oil and red wine by contrast in the Spanish population at a high cardiovascular risk [35] . As to sources of antioxidants, their major contributors in the Norwegian population [36] were: coffee, tea, red wine, blueberries, walnuts, oranges, cinnamon and broccoli, while in the US population [37] they were: tea, dietary supplements, fruits and fruit juices. <1  <1  <1  1  1  1  1  3  3  2  3   beetroots  2  2  2  2  2  2  2  2  1  2  1  1   cauliflower  <1  <1  <1  <1  <1  <1  <1  <1  <1  <1  <1  <1   others 6  2  2  1  2  3  4  3  3  3  3  2  3   Fruit and jams  21  18  30  27  19  17  27  23  25  21  31  27   apples  9  7  10  8  8  7  10  8  18  14  20  17   bananas  <1  <1  <1  <1  <1  1  1  1  <1  <1  <1  <1   strawberries  4  3  7  6  2  2  5  3  2  1  3  2   plums  1  3  2  2  1  2  2  2  1  2  2  2   pears  <1  <1  <1  <1  <1  <1  <1  <1  <1  <1  <1  <1   citrus fruits 7  1  1  2  1  1  1  2  1  1  1  2  1   grapes  1  <1  2  2  <1  <1  2  2  <1  <1  1  1   sour cherries  2  <1  3  3  2  <1  2  3  <1  <1  1  1   others 8  2  2  3  3  2  2  3 nnumber, CIconfidence interval, CVDcardiovascular disease, QE -quercetine equivalents. For 1-11 , see Table 2 .
The authors are aware of some limitations of this research. At first, food intakes in this study have been estimated with the 1-day 24-hour dietary recall method, that does not reflect habitual or long-term food intakes. Twenty-four-hour recall, however, is a common method, which is useful to estimate mean food intakes in large groups of participants and by this it is suitable for contrasting the dietary status of a group with different levels of risk factors of certain diseases [38] . In this study, however, the number of participants was less than 1300, but taking into account the fact that the sample selection reflected the general adult Polish population, it seemed to be the most suitable for the objectives of this study. One of the limitations of this cross-sectional study is the fact that some patients may have been more likely to die and thus were excluded from this study thereby introducing bias. Subjects excluded in this manner could have had different dietary patterns or food preferences compared with subjects without cardiovascular disease. Finally, this study might have underestimated some polyphenol, flavonoid and antioxidant intakes from a few specific foods, such as spices for example, and it also did not analyze changes during the food preparation.
Conclusions
This study demonstrates different sources and patterns of antioxidant, polyphenol and flavonoid intakes in male and female patients with CVD. The dietary intakes of antioxidants, polyphenols and flavonoids were higher in the males with CVD as compared to the healthy male individuals, but the differences were not significant. The men with CVD generally consumed more antioxidants, polyphenols and flavonoids from fruits and jams, chocolates, nuts and seeds, but less from beverages. In the women with CVD, however, significantly higher antioxidant, polyphenol and flavonoid intakes from all food categories surveyed were observed as compared to the healthy women. These results demonstrate attempts made by the studied representative samples of Polish men and women with CVD to introduce beneficial modifications to their dietary practices by enhancing intakes of foods that are sources of antioxidants, polyphenols and flavonoids.
